« 



(19) 




Europaisch s Patentamt 
Europ an Pat nt Offic 
Office europeen d s brevets 





I 



(11) 



EP 1 124 282 A2 



(12) 



EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

16.08.2001 Bulletin 2001/33 

(21) Application number: 01102575.6 

(22) Date of filing: 06.02.2001 

(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MC NL PTSETR 
Designated Extension States: 
AL LT LV MK RO SI 

(30) Priority: 08.02.2000 JP 2000030529 

(71) Applicant: SONY CORPORATION 
Tokyo (JP) 



(54) Electromagnetic wave absorber 
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flat plate, the surface of which is smoothed, of a regular 
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and certainly. In the electromagnetic wave absorber 
composed of a mixture of a magnetic material particle 
21 and an organic binding material, the magnetic mate- 
rial particle 21 is constituted by a nucleus 22 made of 
organic material and a magnetic material film 23 formed 
on its surface. 



FIG. 1 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to an electro- 
magnetic wave absorber. More particularly, the inven- 
tion relates to an electromagnetic wave absorber made 
of a mixture of a magnetic material particle and a resin 
material. 

2. Description of the Related Art 

[0002] An instrument has been miniaturized and the 
frequency thereof has been raised, and there has arisen 
a serious electromagnetic environmental problem such 
that a noise radiated or leaking from an electronic instru- 
ment of a printed board or the like or from a communi- 
cation device or the like has a bad influence on other 
instruments, or an erroneous operation is caused by an 
electromagnetic wave from the outside. As a counter- 
measure against this, although such a method as to 
change the wiring pattern of a printed board or to use 
countermeasure parts has been adopted, there have 
been disadvantages that the design must be reconsid- 
ered, the costs of the parts are high, and a time required 
to make a product becomes long. On the other hand, an 
electromagnetic wave absorber which functions to ab- 
sorb an unnecessary electromagnetic wave to convert 
it into heat, causes the noise itself to be reduced, so that 
it has become the main stream as means for attaining 
a stable function of an electronic instrument or a com- 
munication instrument. 

[0003] However, in recent years, an equipment has 
been increasingly miniaturized, the packaging density 
of various semiconductor elements mounted on a sub- 
strate has been remarkably increased, and a space for 
the arrangement of the electromagnetic wave absorber 
for the countermeasure is decreased though the elec- 
tromagnetic environment becomes worse. In order to 
solve this, it is necessary to raise the electromagnetic 
wave absorbing power of the electromagnetic wave ab- 
sorber. 

[0004] As this sort of electromagnetic wave absorber, 
conventionally, an electromagnetic wave absorber of a 
composite, which is formed by producing particles of 
spinel-type ferrite sintered body, hexagonal ferrite sin- 
tered body or flake-shaped metal soft magnetic material 
and by mixing the particles with resin, is put to practical 
use. Material parameters concerned with characteris- 
tics of this electromagnetic wave absorber arc complex 
dielectric constant e and complex permeability |i at a 
high frequency. Among these, in the electromagnetic 
wave absorber using a magnetic material, p." (imaginary 
part of the permeability, term of magnetic loss) of the 
complex permeability \i (= p' - j \l % ') concerns the electric 
wave absorption characteristics. 



[0005] Although a magnetic materia/ capable of cop- 
ing with a frequency up to a high frequency is generally 
used for the electromagnetic wave absorber, it is nec- 
essary to raise |i' ' as a physical constant for converting 

5 electromagnetic wave energy into heat at the frequency. 
Normally, a material of about 5 to 1 0 in the GHz band is 
used. As the electromagnetic wave absorber used for 
an electromagnetic wave absorbing sheet for an EMC 
(Electromagnetic Compatibility) countermeasure or for 

10 an electromagnetic interference suppressor sheet, a 
' composite magnetic material in which spinel-type ferrite 
powder or flat soft magnetic material metal powder is 
mixed with resin has been developed by the present in- 
ventor etal. 

15 [0006] The shape of the magnetic material powder is 
a flake shape, a flat shape, a resin shape or a fiber 
shape. When this Is made a disk shape or an elliptical 
shape and the surface is made smooth, although ani- 
sotropy in an in-plane direction is deceased, anisotropy 

20 in a plane vertical direction is increased, so that the per- 
meability is eventually increased. By this, high permea- 
bility up to a high frequency exceeding the Snoek limit 
(limit of rotating magnetization) can be obtained. As a 
method of forming such a disk-shaped magnetic mate- 

25 rial, a method of forming it from a thin film, a method of 
forming it from a spherical particle, and a method of 
smoothing its surface have been devised by the present 
inventor et al. and have been proposed. 
[0007] FIG. 5 is a schematic explanatory view show- 

30 ing a method of forming a disk-shaped magnetic mate- 
rial from a thin film. 

[0008] As shown in the drawing, a disk-shaped mag- 
netic material is obtained by forming a thin film on a base 
film 1 through a mask 2 by sputtering, evaporation, CVD 

35 or the like. The drawing shows an evaporation method 
by an Ar beam 4, and a target 3 uses a material such 
as a Fe base magnetic material. First, molten metal is 
evaporated from the target 3 of the Fe base magnetic 
material through the mask 2 in which a pattern of a 

40 number of holes (not shown) are formed and is adhered 
to the base film 1 . 

[0009] Subsequently, the mask 2 is removed. By this, 
disk-shaped fine particles 5 of disk-shaped metal mag- 
netic materials are adhered to the base film 1 and re- 
45 main. The disk-shaped fine particles 5 are peeled off 
from the base film 1 to form the disk-shaped metal mag- 
netic materials. 

[0010] FIG. 6 is a schematic explanatory view show- 
ing a method of forming a disk-shaped magnetic mate- 

50 rial from a spherical powder particle. 

[001 1] First, spherical particles 7 are formed by an at- 
omizing method or a chemical deposition method. In the 
chemical deposition method, metal salt of iron is re- 
duced to deposit iron fine particles. In the atomizing 

55 method, molten metal is dropped or is blown by a nozzle 
into a high speed fluid of gas, water or the like, and fine 
particles are formed by the fluid during a cooling proc- 
ess. The diameters of the spherical particles 7 are suit- 



2 



EP 1 124 282 A2 



4 



ably adjusted from several hundreds nm to several tens 
jim in accordance with design conditions of an electro- 
magnetic wave absorber to be used and the formation 
can be made. Such spherical particles 7 are crushed by 
applying the physical force of a stamp mill 4 to form flat 
disk-shaped fine particles 5. 

[0012] FIG. 7 is a schematic view showing a method 
of processing the powder magnetic materials, which are 
formed in FIGS. 5 and 6, by acid. 
[0013] A flake-shaped magnetic material particle 6 
with a surface on which irregularities or protrusions are 
formed is immersed in an acid solution so that the sur- 
face becomes smooth, and a circular flat plate magnetic 
material 9 having high permeability can be obtained. 
[0014] However, in the case where the metal soft 
magnetic material is formed from the thin film as in FIG. 
5, practical application is difficult in view of costs, and in 
the case where it is formed from the spherical powder 
particle as in FIG. 6, il is difficult, by microscopic irreg- 
ularities, protrusions or the like, to form the flat metal 
soft magnetic material having a skin depth or less in 
which an electromagnetic wave can penetrate, and in 
view of reproducibility or mass productivity, both are not 
necessarily optimum forming methods. Besides, in the 
method of processing the flake r shaped powder by acid, 
the yield of complete circular powder is not necessarily 
high, and there is a problem.also in the point of uniform- 
ity of shape. 

SUMMARY OF THE INVENTION 



[0015] .The present invention has been made in view 
of the above related art, and has an object to provide an 
electromagnetic wave absorber which is improved in 
uniformity, reproducibility, and productivity by forming a 
. metal soft magnetic, material flat plate, which has a 
smoothed surface, of a regular shape disk or elliptical 
shape easily, at low cost, stably and certainly. 
[0016] In order to achieve the, above object, the 
present invention provides an electromagnetic wave ab- 
sorber which is made of a mixture of a magnetic material 
particle and an organic binding material.and is charac- 
terized in that the magnetic material particle comprises 
a nucleus made of an organic material and a magnetic 
material film formed on its surface. 
[0017] According to this structure, by forming the 
magnetic material particle by the nucleus made of the 
organic material and the magnetic material film formed 
on the surface, the nucleus of a regular shape disk 
shape or elliptical flat plate shape can be formed by a 
synthetic resin material or the like easily and at low cost, 
and by coating the surface of this nucleus with the mag- 
netic material film, the surface of the magnetic material 
particle is smoothed and comes to have the regular 
shape disk or elliptical shape. By this, the permeability 
as the lectromagnetic wave absorber is increased, and 
the uniformity, reproducibility, and productivity are 
raised. 



[0018] A preferred structural example is character- 
ized in that a thickness of the magnetic material film is 
a thickness of a skin depth or less. 
[001 9] According to this structure, an electromagnetic 
5 wave is certainly permeated into the magnetic material 
film and is absorbed. 

[0020] A preferred structural example is character- 
ized in that the mixture has a paste shape or a sheet 
shape. 

10 [0021] According to this structure, it is possible to ob- 
tain a form which facilitates an actual use as the elec- 
tromagnetic wave absorber. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



[0022] FIG. 1 is a partially cutaway schematic view of 
a magnetic material particle according to the present in- 
vention. 

[0023] FIG. 2 is a flow diagram showing an exampl 
20 of a forming procedure of a metal soft magnetic material 
according the present invention. 

[0024] FIG. 3 is a schematic view showing a method 
of making an organic material a disk. 
[0025] FIG. 4 is a graph showing a comparison of 
25 noise level between a case where a sheet-shaped com- 
posite magnetic material formed in FIG. 2 is stuck to an 
electronic instrument and a case where it is not stuck. 
[0026] FIG. 5 is a schematic explanatory view show- 
ing a method of forming a disk-shaped magnetic mate- 
30 rial from a thin film. 

- [0027] FIG. 6 is a schematic explanatory view show- 
ing a method of forming a disc-shaped magnetic mate- 
rial from a spherical powder particle. 
[0028] : F|G. 7 is a schematic view showing a surface 
35 treatment by acid with respect to the powder magnetic 
material formed in FIG. 5 or FIG. 6. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

40 

[0029] Hereinafter, embodiments of the present in- 
vention will be described with reference to the drawings. 
[0030] FIG. 1 is a partially cutaway schematic view of 
a magnetic material particle according to the present in- 
45 vention. . 

[0031] As shown in the drawing, a magnetic material 
particle 21 is constituted by a nucleus 22 made or or- 
ganic material and a magnetic material film 23 made of 
metal soft magnetic material plating. Although the shape 

50 of the magnetic material particle 21 depends on the 
shape of the nucleus 22, the size is also changed by the 
thickness of the magnetic material film 23, and various 
composite magnetic materials can be obtained also by, 
for example, forming the magnetic material film 23 only 

55 on one side of the nucleus 22. 

[0032] The metal soft magnetic material is a ferro- 
magnetic material containing at least one kind of Fe, Co 
and Ni as ferromagnetic elements. Besides, Heusler al- 
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loy, such as Cu 2 MnAI or MnAI, or the like can also be 
us-:± Alternatively, a ferromagnetic material containing 
Dy or Gd as a rare earth element is also included. In the 
present invention, any metal may be used as long as 
the ferromagnetic material is revealed, and the invention 
is not limited to the foregoing magnetic materials. 
[0033] As the organic material forming the nucleus 22, 
it is possible to suitably select various materials such as 
liquid crystal polymer, epoxy resin, phenolic resin, ABS 
resin, plastic material, or imide resin in accordance with 
the soft magnetic material metal and to use it. From the 
gist of the present invention, limitation is not made to 
the foregoing organic materials. 
[0034] As the shape of the nucleus 22, although a cir- 
cular flat plate shape is preferable, since the resonance 
frequency depends on the shape of the soft magnetic 
material metal, an elliptical shape, a needle shape, a 
rod shape, a pipe shape, a lens shape, a polygonal 
shape or the like is conceivable. Every shape is a meth- 
od for controlling the resonance frequency, and limita- 
tion is not made to the foregoing shapes. In general, if 
anisotropy is provided in one direction like the needle 
shape, there is a tendency for the resonance frequency 
to increase. The resonance frequency here indicates a 
frequency in which p' ' (term of magnetic loss) as an im- 
aginary part of permeability takes the maximum value, 
and the energy of an electromagnetic wave can be ef- 
fectively absorbed at this frequency. 
[0035] The magnetic material film 23 is formed around 
the nucleus 22 by using a thin film technique such as a 
dry process or electroless plating: For example, in the 
electroless plating, it is possible to control the film thick- 
ness by the plating condition, and in the present inven- 
tion, a normal thickness is controlled to be a thickness 
of a skin depth (skin depth) or less at a high frequency. 
The skin depth at this time indicates a thickness 8 which 
follows the expression below. 

8 = (2p/cou,) 1/2 

Where, 5: skin depth (m), p: resistivity (Qm), w: angular 
speed (sec- 1 )), ji: permeability (4tc x 10' 7 H/m). 
[0036] As an example, when a Fe base material of \l 
= 1 0 is magnetized at 1 GHz, the resistivity is made p = 
1 x 10' 7 Qm, and 6 = 1 .6 pm is obtained. Normally, the 
skin depth in the case where the magnetic material is 
magnetized in the GHz band becomes a thickness of 
several jim or less. 

[0037] In order to use the soft magnetic metal powder 
according to the present invention for the electromag- 
netic wave absorber, it is necessary to make a compos- 
ite by using an organic binding material. In general, a 
metal simple substance completely reflects an electric 
wave and functions as a shielding material, not as an 
absorber. When it is combined with a suitable organic 
binding material, the dielectric constant becomes about 
50 to 200, and an absorption effect can be exhibited 



while reflection of the electric wave is suppress d, so 
that it becomes possible to form a high performance 
electromagnetic wave absorber. - 
[0038] As the organic binding materialfor that, a well- 

5 known organic compound can be used. For example, 
although polyester resin, polyvinylchloride resin, poly- 
urethane resin, cellulosic resin, butadiene rubber, epoxy 
resin, phenole resin, amide resin, imide resin, orthe like 
can be used, since these organic binding materials are 

10 used for separating soft magnetic metals and as sup- 
porting materials; limitation is not made to the above res- 
ins. >■ ' " ; 

[0039] The organic binding material and the metal soft 
magnetic material are mixed in the range in which the 

is filling amount of the metal soft magnetic material is 
about 50 to 90 wt%, and become a paste-shaped ma- 
terial. In order to obtain a material for electric wave ab- 
sorption by using the metal soft magnetic material of the 
present invention, it is necessary that the magnetic ma- 

20 terial and the organic material are substantially mixed, 
and the metal soft magnetic materials are separated 
from one another. This is because continuous, one re- 
flector is made. The magnetic material powders of the 
present invention are supported in the state where they 

25 are separated from one another in the organic binding 
material. 

[0040] As the shape of the mixed composite of the 
magnetic material particle and the organic binding ma- 
terial, a paste shape may be adopted, and it is also con- 
so ceivable to work this into a sheet shape by a doctor 
blade method orthe like. Alternatively, by using it as a 
mold of an IC or LSI, it is also employed for a use of 
preventing EMI (Electromagnetic Interference). Inciden- 
tally, the filling amount is influenced by abrasion when 
35 a flat particle is mixed, and although it is difficult to fill 
highly the flake-shaped flat particle having' a number of 
protrusions, since the flat particle having a rounded sur- 
face obtained in the present invention has low frictional 
resistance, it is highly filled relatively easily. Accordingly, 
40 absorption efficiency becomes high. Besides, because 
of the flat shape, there is also a merit that arrangement 
of particles by natural orientation becomes apt to occur. 
[0041] FIG. 2 is a flow diagram showing an example 
of a forming procedure of the metal soft magnetic ma- 
45 terial according to the present invention. 

[0042] Since the metal soft magnetic material contain- 
ing at least one kind of Fe, Co, Ni and the like has high 
saturated magnetization, high permeability can be ex- 
pected. However, since it is metal, the melting point is 
so as high as about 1500°C, and it is difficult to obtain a 
circular flat plate shape by improving a powder forming 
method such as atomizing. However, since the organic 
material has a low melting point and workability is ex- 
' cellent, it is easy to form a fine circular flat plate. Then, 
55 the present inventor et ai considered obtaining the soft 
magnetic material metal of the circular flat plate shape 
by using, as the nucleus, the organic material by which 
the circular flat plate shape can be relatively easily ob- 
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tained and by forming th soft magnetic material metal 
around the nucleus by a thin film forming method. 
[0043] First, an ABS resin is prepared (step S1 ), this 
is made a disk by, for example, an after-mentioned 
method shown in FIG. 3, and a circular flat plate shape 5. 
nucleus having, for example, a diameter of 40 pm and 
a thickness of 0.5 to 1 u.m is formed (step S2). A mag- 
netic film is formed on the circular plate nucleus of the 
ABS resin by a plating treatment of soft magnetic metal 
(step S3), and the magnetic material particle 21 shown 10 
in FIG. 1 is formed. On the other hand, an epoxy resin 
which becomes the organic binding material is prepared 
(step S4), the composite magnetic material (magnetic 
material particle 21) and the epoxy resin (step S4) are 
mixed to have a ratio of 80:20 in weight %, and a paste- * is 
shaped composite magnetic material is obtained (step 

55) . If necessary, a sheet-shaped composite "magnetic 
material can be obtained by a doctor blade method (step 

56) . ... 

[0044] FIG. 3 is a schematic view showing a method 20 
when the organic material at the step S2 of the flow is 
made a disk. 

[0045] As shown in the drawing, for example, an ABS 
resin 31 as the organic material is filled in a container 
32, the ABS resin 31 is pushed in a direction of arrow P, 25 
is successively pushed out through a cylinder 35 or a 
circular hole provided at a side opposite to a press sur- 
face 33, and is cut off by a blade 34 when it goes out of 
the side face of the container 32. In this way, the ABS 
resin is made the disk. Otherthan this method, a method 30 
of formation by a metal mold, a method of formation us- 
ing a microtome, a method of punching a thin film, or the 
like is conceivable. 

[0046] FIG. 4 is a graph showing a comparison of 
noise level between a case where the sheet-shaped 35 
composite magnetic material formed in FIG. 2 is stuck 
to an electronic instrument and a case where it is not 
stuck. 

[0047] A thick line indicates a radiation level in the 
case where there is no sheet, and a thin line indicates 40 
a radiation level in the case where there is a sheet. As 
shown in the drawing, a sample of a sheet having a 
thickness of 100 p.m and formed by the doctor blade 
method of FIG. 2 into a sheet (step S6) was stuck on an 
IC generating a noise having a frequency of 0 to 3 GHz, *s 
and a noise reduction effect before and after the sticking 
was measured. When the case where the sheet was 
stuck was compared with the case where the sheet was 
not stuck, the noise reduction effect of about 3 dB was 
observed, and it was confirmed that the electric wave 50 
absorption effect was high although the sheet was thin. 
[0048] As described above, in the present invention, 
the magnetic material particle is formed by the nucleus 
made of the organic material and the magnetic material 
film formed on its surface, so that the surface of the met- 55 
al soft magnetic material is easily smoothed at low cost, 
and a regular shape disk or elliptical shape is obtained. 
By this, the permeability as the electromagnetic wave 



absorber is increased, and the uniformity, reproducibil- 
ity, and productivity of the magnetic material particle is 
raised. In this case, since the surface of the magnetic 
material particle is smoothed, the resistance for mixture 
is low, the filling rate to the organic binding material can 
be raised, and the permeability can be further raised. 

Claims 

1 . An electromagnetic wave absorber, comprising: 

a mixture of a magnetic material particle and an 
organic binding material, 
wherein the magnetic material particle compris- 
es a nucleus made of an organic material and 
a magnetic material film formed on its surface. 



2. 



An electromagnetic wave absorber according to 
claim 1 , wherein a film thickness of the magnetic 
material film is a skin depth or less. 

An electromagnetic wave absorber according to 
claim 1 , wherein the mixture has a paste shape or 
a sheet shape. 
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